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Research Topics of the Mobile Robotics Lab (OTA Lab) 

We have been stud\ing multiple mobile robot s\stems since 1989. We consider intelligent s\stems 
as consisting of three factors: (a) multiple robots or intelligent machines (multiple agents), (b) human 
beings who operate or cooperate with multiple agents, and (c) working environments. Now we deal 
with "design of robotics s\stem", "design of large-scale production/transport s\stems", and "human 
anal\sis, service, and h\per-adaptabilit\ science" based on motion planning methodolog\, 
evolutionar\ computation, control theor\, and so on.  

Our final target is to establish a design methodolog\ for multi-agent s\stems including artificial 
agents, humans and working environments through clarif\ing the underl\ing structure and function 
in the intelligence and mobilit\ (mobiligence) of these agents. 

The details of our research are listed below. 

DeVigQ Rf URbRWicV V\VWeP 
• Deǀelopment and manipƵlation planning of small mobile robot

• Contact state estimation Ƶsing motion

• MeasƵrement pose optimiǌation in robot calibration Ƶsing a handͲeǇe camera

• Design of mechanism Ƶsing optimiǌation according to task

DeVigQ Rf laUge-Vcale SURdXcWiRQ/WUaQVSRUW V\VWePV 
• BƵffer design of ǁarehoƵse sǇstem

HXPaQ aQal\ViV, VeUYice, aQd h\SeU-adaSWabiliW\ VcieQce 
• MƵscƵloskeletal simƵlation of hƵman stance postƵral control for eǆternal forces

• Modeling hƵman postƵral control bǇ neƵral controller considering the ǀestibƵlospinal tract

• Proposal of a neƵromƵscƵloskeletal model considering mƵscle tone in hƵman gait

• Deǀelopment of the ǁearable deǀice for measƵring finger joint angle

• Method to estimate the mƵscle actiǀation pattern from MRI and EMG

• Learning patient transfer skill bǇ Ƶsing a robot patient

• User State Estimation Using Smartphones
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DeYelRSmenW and ManiSXlaWiRn Planning Rf Small MRbile RRbRW 

Adopting robots in the manipulation of big-si]ed objects in domestic environments, human could be 
emancipated from such trivial works. However, big-scaled robots are not available in narrow domestic spaces. 
Owing to the small si]e and motion flexibility, small mobile robots are desirable for such tasks, because they 
can perform non-prehensile manipulation substituting manipulators by working cooperatively. 

In our work, we adopted passive joints to design the mechanism of the multiple mobile robots [1,2], so as 
to reali]e the equivalent point²face contact model between the robots and the manipulated object. The costly 
controlling to maintain the object²robot contact could be avoided when manipulating the object. This simple 
contact model facilitated the manipulation planning, in which the contact state was required to be known to 
determine whether the robots provided adequate constraint for the manipulation. 

In the manipulation planning, to deal with the distinct multi-level configuration space caused by the 
varying constraints in the robot-object system, a hierarchical method was adopted in our work. Defining a 
mode as a set of specific configurations that hold the same constraint, we specially focused on the modal 
planning, by which the manipulation action sequences could be determined to narrow down the configuration 
space for searching tasks [3]. Our proposed method determined the number of robots for manipulation 
stability, and investigated the mode transitions caused by the robots¶ motions and by the object¶s motions. 
With our method, the possible number of modes and their transitions was obviously reduced, and the 
determined mode sequences can be used to guide the further searching task for configuration planning.  

Keywords: mobile robot, simple contact model, manipulation planning, modal planning 

ReIeUeQceV: 
[1] S. Shirafuji, et al. Mechanism allowing large-force application by a mobile robot, and development of

ARODA. Robotics and Autonomous Systems, 2018, 110: 92-101.
[2] T. Ito, S. Shirafuji, J. Ota. Development of a Mobile Robot Capable of Tilting Heavy Objects and its

Safe Placement with Respect to Target Objects. In Proceedings of the 2018 IEEE International
Conference on Roboics and Biomimetics (ROBIO2018), Kuala Lumpur, Malaysia, 12±15 December
2018; pp. 716±722.

[3] C. Fan, S. Shirafuji, J. Ota. Modal Planning for Cooperative Non-Prehensile Manipulation by Mobile
Robots. Applied Sciences, 2019, 9.3: 462.

FLJXUe 1. Constraints of the joints on the robotics 
leg using wires and non-circular pulleys. 

FLJXUe 2. Mechanism to draw a letter on an egg-
shaped object with less numbers of joints. 

Form the force closure 

Generate possible 
environmental contact state 

Generate possible robot 
contact state 

Possible contact states (modes) 
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Contact State Estimation Using Motion 
 

People can perform a variet\ of tasks b\ skillfull\ handling the contact between an object and its 
surroundings. For example, when loading and unloading goods in a warehouse, it is possible to save force 
compared to simpl\ lifting the goods b\ sliding them. Such manipulation is also useful for robots. 

To achieve such manipulation without appl\ing unnecessar\ force, it is necessar\ to know the contact state 
(e.g., the surface or edge in contact) between the object and the environment. Therefore, it is important to 
estimate the contact state between the object and the environment based on the motion of the robot's hand. 

In this stud\, we proposed a method for estimating the contact state between an unknown geometric object 
and an unknown geometric environment. We proposed an algorithm to estimate the contacting faces and 
edges from the motion of an object, and verified the method b\ experiments using a motion capture s\stem.  

 
 

Keywords: contact state estimation, compliant motion, manipulation 
 
RefeUeQceV: 
[1] Sei\a Ishikawa, Shouhei Shirafuji, and Jun Ota: "Objective Functions of Principal Contact Estimation 

from Motion Based on the Geometrical Singular Condition," Proceedings of the IEEE/RSJ 

International Conference on Intelligent Robots and S\stems, Las Vegas, NV, USA (Virtual), pp.9465-

9471, October, 2020. 
[2] Ishikawa, S., Shirafuji, S. & Ota, J. (2019). Kinematics Anal\sis for Estimation of Contact Conditions 

in Teaching, Proceedings of the 2019 JSME Conference on Robotics and Mechatronics, Hiroshima, 
Japan, June 5-8, 2019 

FLJXUe 1. Experiment and result 
 

Edge estimation 
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MeaVXUePeQW PRVe OSWiPi]aWiRQ 
iQ RRbRW CalibUaWiRQ UViQg a HaQd-e\e CaPeUa 

 
A kinemaWic model foU conWUolling a UoboW iV conVWUXcWed baVed on kinemaWic paUameWeUV VXch aV link lengWh 

and joinW offVeW. HoZeYeU, Whe kinemaWic paUameWeUV aUe VXbjecW Wo eUUoUV dXe Wo facWoUV VXch aV YaUiaWionV in 
UoboW pUoceVVing and aVVembl\ and WheUmal e[panVion. TheUefoUe, coUUecWion of Whe kinemaWic paUameWeUV, 
i.e., UoboW calibUaWion, iV neceVVaU\. In UecenW \eaUV, hoZeYeU, Whe XVe of hand-e\e cameUaV haV been aWWUacWing 
aWWenWion foU iWV VimpliciW\. HoZeYeU, Whe meaVXUemenW accXUac\ of Whe cameUa iV UelaWiYel\ loZ, and Whe 
calibUaWion accXUac\ alVo decUeaVeV. In oWheU ZoUdV, WheUe iV a WUade-off beWZeen Whe eaVe and accXUac\ of 
cameUa meaVXUemenW.  

On Whe oWheU hand, iW haV been UepoUWed WhaW Whe accXUac\ of UoboW calibUaWion dependV on Whe meaVXUemenW 
poVe, i.e., iW dependV on ZhaW poVe Whe UoboW iV placed in foU meaVXUemenW. In WhiV UegaUd, WheUe iV a VWXd\ WhaW 
opWimi]eV Whe meaVXUemenW poVe XndeU a ceUWain conVWUainW b\ VenViWiYiW\ anal\ViV of Whe UelaWionVhip beWZeen 
Whe meaVXUemenW poVe and kinemaWic paUameWeUV. HoZeYeU, WhiV meWhod cannoW be applied Wo UoboW calibUaWion 
XVing a hand-e\e cameUa, becaXVe Whe hand-e\e cameUa mXVW be able Wo capWXUe Whe calibUaWion maUkeU, and 
Whe conVWUainWV of Whe UoboW hand change depending on Whe locaWion of Whe maUkeU.  

In oUdeU Wo achieYe high accXUac\ in UoboW calibUaWion XVing a hand-e\e cameUa, Ze pUopoVe a meWhod foU 
opWimi]ing Whe meaVXUemenW poVe conVideUing Whe conVWUainWV impoVed b\ Whe hand-e\e cameUa. The appUoach 
of Whe pUopoVed meWhod iV Wo opWimi]e Whe locaWion of Whe maUkeU and Whe meaVXUemenW poVe of Whe UoboW Wo 
minimi]e Whe eVWimaWion eUUoU of Whe kinemaWic paUameWeUV XndeU Whe conVWUainW WhaW Whe UelaWiYe poVe beWZeen 
Whe cameUa and Whe maUkeU iV fi[ed.  

AV a UeVXlW of Whe VimXlaWion YeUificaWion, Whe opWimi]ed meaVXUemenW poVe ZaV obWained aV VhoZn in Fig. 
1, and Whe impUoYemenW of calibUaWion accXUac\ ZaV confiUmed. In Whe fXWXUe, Ze aim Wo fXUWheU impUoYe Whe 
accXUac\ b\ opWimi]ing Whe UelaWiYe poVe beWZeen Whe cameUa and Whe maUkeU. 

  

Fig.1 (LefW) IniWial meaVXUemenW poVe. (RighW) OpWimi]ed meaVXUemenW poVe. 

Keywords: UoboW calibUaWion, opWimi]aWion, hand-e\e cameUa, abVolXWe poViWioning accXUac\ 
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DeVigQ Rf MechaQiVm XViQg OSWimi]aWiRQ AccRUdiQg WR TaVk 
 

In the field of robotics, most of the studies focus on how to control the given mechanism to accomplish 
the target task. However, many tasks can be simplified or solved by preparing specified mechanism without 
sophisticated control method. Therefore, we are studying the methodology to derive the appropriate 
mechanism for a given task by calculation from the viewpoint of kinematics. 

One of the outcomes of this study is the methodology to constrain the motion of a pair of revolute joints 
by a wire to generate the coordinated motion. We proposed the method to derive the shape of non-circular 
pulleys, which decides the route the wire, pass through, to realize the target coordinated motion of the joints 
[1]. An example of the applications designed by the proposed method is the leg mechanism of the robot, as 
shown in Fig. 1. This leg mechanism can move forward supporting its weight by the constraint on joints 
without controlling joints. 

We also have proposed the methodology to decide the displacements of joints according to the task. We 
proposed the optimization method to decide the joint displacements of a manipulator that realizes the given 
target trajectory of its end-effector with less number of joints [2]. In the proposed method, the calculation of 
the errors between the target trajectory and resultant trajectory generated by design using the differential 
inverse kinematics realize the optimization with small calculation cost. Fig. 2 shows the manipulator, which 
we designed using the proposed method, can draw a letter on an egg-shaped object. This manipulator can 
draw the target letter on the curved shape only with three joints. 

 
 

Keywords: robot design, optimization, kinematic synthesis, wire, non-circular pulley 
 
ReIeUeQceV: 
[1] Shouhei Shirafuji, Shuhei Ikemoto, and Koh Hosoda: “Designing Non-circular Pulleys to Realize 

Target Motion between Two Joints,” IEEE/ASME Transactions on Mechatronics, vol.22 no.1, pp.487-
497, 2016. 

[2] Shouhei Shiarafuji and Jun Ota: “Kinematic Synthesis of a Serial Robotic Manipulator by Using 
Generalized Differential Inverse Kinematics,” IEEE Transactions on Robotics, vol.35 no.4, pp.1047-
1054, 2019. 

FLJXUe 1. Constraints of the joints on the robotics 
leg using wires and non-circular pulleys. 
 

FLJXUe 2. Mechanism to draw a letter on an egg-
shaped object with less numbers of joints. 
 

5



BXffer Design of WarehoXse S\sWem 
 

Buffer design is a ver\ important issue in the design, optimi]ation and management of Zarehouse s\stems. 
In Zarehouse s\stems, buffers are used to temporar\ storage area for jobs handover. E[cessive buffers 
increase s\stem redundanc\ and Zaste cost, Zhile insufficient buffers lead to blocking and loZ profits. 
Therefore, buffers should be designed properl\. HoZever, because of comple[ and consistentl\ variable jobs 
floZ in Zarehouse s\stems, both the modeling and buffer design become ver\ difficult. In addition, other 
factors such as service disciplines increase the anal\sis difficult\ of Zarehouse s\stems.   

    The purpose of this stud\ is to efficientl\ determine suitable buffer update locations and increase 
proper buffer si]e in Zarehouse s\stems to satisf\ the desired throughput. We proposed a bottleneck-based 
variable neighborhood search algorithm to allocate buffers and obtain buffer design solution of Zarehouse 
s\stems as shoZn in Fig. 1. In the algorithm, a queue module-based throughput calculation approach is 
proposed to evaluate the effectiveness of the buffer design solution efficientl\. Numerical e[amples such as 
shoZn in Fig. 2 indicate that the proposed algorithm is applicable to design buffers for Zarehouse s\stems 
efficientl\ (Refs. [1], [2], and [3]). In the future, Ze Zill improve the proposed buffer design approach and 
make it more applicable to ver\ large-scale Zarehouse s\stems.  

 

 

Keywords: buffer design, Zarehouse s\stems, bottleneck, 
variable neighborhood search 
 
RefeUeQceV: 
[1] Gao,Si[iao, Higashi,Toshimitsu, Koba\ashi,To\oka]u, Taneda,Kosuke, & Ota,Jun. (2018). Fast buffer 

si]e design of production lines for meeting the desired throughput, Proceedings of the 2018 IEEE 
International Conference on Robotics and Biomimetics (ROBIO 2018), December 12-15, 2018, Kuala 
Lumpur, Mala\sia, pp. 1413-1418. 

[2] Gao,Si[iao, Rubrico, Jose,I.U., Higashi,Toshimitsu, Koba\ashi,To\oka]u, Taneda,Kosuke, & Ota,Jun. 
(2019). Efficient throughput anal\sis of production lines based on modular queues. IEEE Access 7, 
95302-95314, doi: 10.1109/ACCESS.2019.2928309.  

[3] Gao,Si[iao, Higashi,Toshimitsu, Koba\ashi,To\oka]u, Taneda,Kosuke, Rubrico,Jose,I.U., & Ota,Jun. 
(2020). Buffer allocation via bottleneck-based variable neighborhood search. Applied Sciences, 10(23), 
8569, 1-22. doi:10.3390/app10238569. 

FLJXUe 1. FrameZork of the proposed algorithm 
 

 
Fig.1 FrameZork of the proposed algorithm 

 
(a) 

 
(b) 

Fig.2 E[amples of the problem to solve 

ૠܶࣅ૚ ૛ࣆ

૜ࣆ૝ࣆ

ૢࣆ

૞ࣆ
ૠࣆ

ૡࣆ

૟ࣆ
1 2 6 7

3

9

5

4

8

૚ࣆ

1

3

2

9

6

5

7

4

810
૚ܶ૙

૚ࣅ૚ࣆ
૛ࣆ ૝ࣆ ૞ࣆ

૜ࣆ ૟ࣆ

૚૙ࣆૢࣆૡࣆૠࣆ

6



MXVcXORVkeOeWaO SiPXOaWiRQ Rf HXPaQ SWaQdiQg PRVWXUe CRQWURO  
fRU E[WeUQaO FRUceV 

Humans use movements of the ankles and hips to maintain balance when subjected to external forces. We 
are investigating the mechanism of this control by constructing a neural controller model for the control of 
standing posture based on physiological findings. We have proposed a neural controller model that can 
maintain the standing posture of a musculoskeletal model even when external forces are applied in various 
directions [1]. Using this neural controller model, we are investigating various responses to external forces. 
For example, the relationship between muscle tone and postural control strategies was investigated in [2]. 
Here, it was shown that the greater the muscle tone, the more likely it was that the standing posture was 
maintained mainly by ankle movements rather than hip movements. 

What we are now focusing on is the movement of the arms when an external force is applied and the body 
sways. Arms are moved for various purposes, such as swinging for balance, grasping handrails, and 
protecting the head. Therefore, it is difficult to isolate the purpose of the arm movements observed 
experimentally. In our musculoskeletal simulation, it is easy to isolate such purposes, which is useful for 
studying arm movements. Fig. 1 shows the movements of the center of gravity when the musculoskeletal 
models with and without arms are made to stand and an external force is applied [3]. Although the arms 
themselves were not controlled here, it was shown that the swaying of the body was reduced by the presence 
of the arms. This shows the importance of the role of the arms in maintaining a standing posture. 

 

Keywords: mental health care, smartphone, machine learning 

RefeUeQceV 

[1] K. Kaminishi, P. Jiang, R. Chiba, K. Takakusaki, & J. Ota. (2019). Postural control of a 
musculoskeletal model against multidirectional support surface translations. PLoS ONE, 14.(3): 
e0212613. doi: 10.1371/journal.pone.0212613. 

[2] K. Kaminishi, R. Chiba, K. Takakusaki, & J. Ota. (2020). Investigation of the effect of tonus on the 
change in postural control strategy using musculoskeletal simulation. Gait & Posture, 76, 298-304,  
doi: 10.1016/j.gaitpost.2019.12.015. 

[3] K. Kaminishi, R. Chiba, K. Takakusaki, & J. Ota. (2020). Musculoskeletal simulations to understand the role 
of arms in maintaining standing posture for external forces, Proceedings of the 38th Annual Conference of 
the Robotics Society of Japan, RSJ2020AC1H3-04, (pp. 1-2), Online, October 9-11 (in Japanese). 

FLJXUe 1. Movements of the center of gravity in the front-back direction when an external force is applied 

to a musculoskeletal model with and without arms. 
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MRdeOiQg HXPaQ PRVWXUaO CRQWURO b\ NeXUaO CRQWUROOeU 
CRQVideUiQg Whe VeVWibXORVSiQaO TUacW 

 
HXPaQV cRQWURO WKHLU SRVWXUH LQ WKHLU GaLO\ OLYHV. WKHQ SRVWXUaO cRQWURO LV LPSaLUHG b\ 

QHXURORJLcaO GLVHaVHV, WKHLU OLYHV aUH UHVWULcWHG. IW LV HVVHQWLaO WR XQGHUVWaQG WKH SRVWXUaO cRQWURO 
PHcKaQLVP WR UHGXcH WKLV UHVWULcWLRQ. TKH QHXUaO SaWKZa\V SOa\ LPSRUWaQW UROHV LQ SRVWXUaO cRQWURO. 
TKHVH QHXUaO SaWKZa\V aUH WKH UHWLcXORVSLQaO WUacW (RST) ZKLcK cRQWUROV VWLIIQHVV (PXVcOH WRQH), aQG 
WKH YHVWLbXORVSLQaO WUacW (VST) ZKLcK NHHSV WKHLU SRVWXUH XSULJKW. HRZHYHU, WKH UROH RI WKHVH QHXUaO 
SaWKZa\V LQ KXPaQ SRVWXUaO cRQWURO KaV QRW bHHQ YHULILHG LQ GHWaLO. TKHUHIRUH, ZH aLP WR YHULI\ WKH 
PHcKaQLVP RI KXPaQ SRVWXUaO cRQWURO b\ cRQVWUXcWLQJ a cRPSXWaWLRQaO PRGHO IRcXVLQJ RQ WKHVH 
QHXUaO SaWKZa\V.  

WH cRQVWUXcW a cRPSXWaWLRQaO PRGHO cRQVLVWLQJ RI a PXVcXORVNHOHWaO PRGHO ZLWK 17 GHJUHHV RI 
IUHHGRP aQG 94 PXVcOHV aQG a QHXUaO cRQWUROOHU PRGHO ZLWK cRQWUROV baVHG RQ WKH VST aQG RST. TKH 
YaOLGLW\ RI WKH cRPSXWaWLRQaO PRGHO ZaV YHULILHG b\ cRPSaULQJ VLPXOaWLRQ UHVXOWV WR H[SHULPHQWaO 
UHVXOWV ZLWK KXPaQ VXbMHcWV. AIWHUZaUG, WKH UROH RI WKH VST ZaV YHULILHG b\ WKH VLPXOaWLRQ UHVXOWV. 
AV a UHVXOW, LW ZaV YHULILHG WKaW cRQWURO baVHG RQ WKH VST HQabOHG WKH PXVcXORVNHOHWaO PRGHO WR VWaQG 
ZLWK ORZHU PXVcOH WRQH. IQ WKH abVHQcH RI cRQWURO baVHG RQ WKH VST, aQ LQcUHaVH LQ SRVWXUaO VZa\ 
ZaV RbVHUYHG. TKLV UHVXOW VXJJHVWV WKaW WKH IXQcWLRQ RI WKH VST LV LPSRUWaQW IRU KXPaQ WR VWaQG ZLWK 
ORZ PXVcOH WRQH [1]㸬  
Keywords: PRVWXUH cRQWURO, VHVWLbXORVSLQaO WUacW, MXVcOH WRQH  
RefeUeQceV 
[1] 尾村 優一㑻㸪上す 康平㸪千葉 㱟介㸪㧗草木 ⸅㸪太田 㡰㸪“前庭脊㧊㊰を考慮した神経系コ

ントローラによるヒトの姿勢制御のモデル化”㸪第 33回自律分散システム・シンポジウム㸪オ
ンライン㸪2021年 3月 
 

 
FLJXUH 1. CRPSXWaWLRQaO PRGHO. TKH UHG VKaGHG aUHa GHQRWHV WKH cRQWURO baVHG RQ WKH VST aQG FF 
cRQWURO GHQRWHV WKH cRQWURO baVHG RQ WKH RST. 𝑲௩௘௦,𝑲௣,𝑲ௗ aUH FB JaLQV cRUUHVSRQG WR KHaG 
NLQHWLc LQIRUPaWLRQ, PXVcOH OHQJWK YHORcLW\, PXVcOH OHQJWK. 𝒖௙௕ሺ𝑡ሻ, 𝒖௙௙ aUH FB・FF RXWSXWV㸬
𝜏௙௕, 𝜏𝑡௥௔௡௦, 𝜏௔௖𝑡 aUH WKH WLPH GHOa\V RI WUaQVPLVVLRQ, FB, acWLYaWLRQ G\QaPLcV. 

FLJXUH 2. COP YHORcLW\. TKH bOXH baU GHQRWHV COP YHORcLW\ ZLWKRXW VST. TKH RUaQJH baU GHQRWHV 
COP YHORcLW\ ZLWK VST.  
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PURSRVaO Rf a NeXURPXVcXORVkeOeWaO MRdeO  
CRQVideUiQg MXVcOe TRQe iQ HXPaQ GaiW 

 
IQ aQ agiQg VRcieW\, iW iV iQcUeaViQgO\ iPSRUWaQW WR VROYe SURbOePV UeOaWed WR hXPaQ gaiW. OQe Rf WheVe iVVXeV 

iV Whe UeOaWiRQVhiS beWZeeQ gaiW aQd PXVcOe WRQe. IQ WhiV VWXd\, Ze SURSRVe a QeXURPXVcXORVkeOeWaO PRdeO 
WhaW caQ be XVed WR UeSUeVeQW aQd eYaOXaWe Whe PRYePeQW chaQgeV geQeUaWed b\ chaQgeV iQ PXVcOe WRQe iQ 
hXPaQ gaiW XViQg cRPSXWaWiRQaO ViPXOaWiRQV. The PRdeO iV baVed XViQg a PXVcXORVkeOeWaO PRdeO ZiWh 70 
PXVcOeV aQd a QeXURORgicaO cRQWUROOeU PRdeO WhaW caQ UeSUeVeQW PXVcOe WRQe. AV a h\SRWheViV WR jXdge Whe 
YaOidiW\ Rf Whe PRdeO, a high PXVcOe WRQe PakeV iW difficXOW WR PaiQWaiQ gaiW aQd PakeV Whe VWUide OeQgWh QaUURZ.  

A WRWaO Rf 1470 SaUaPeWeUV ZeUe RSWiPi]ed fRU 3 da\V fRU each WUiaO ZiWh YaU\iQg PXVcOe WRQe. AV a UeVXOW 
XQdeU Whe cRQdiWiRQ Rf high PXVcOe WRQe, Whe gaiW PaiQWeQaQce WiPe becaPe VhRUWeU, aQd Whe VWUide OeQgWh 
becaPe QaUURZ cRPSaUed ZiWh Whe e[SeUiPeQWaO YaOXe. TheUefRUe, Whe h\SRWheViV XVed WR jXdge Whe YaOidiW\ 
Rf Whe PRdeO WhaW gaiW PaiQWeQaQce becRPeV difficXOW aQd VWUide OeQgWh becRPeV QaUURZ XQdeU high PXVcOe 
WRQe ZaV SURYed. IQ addiWiRQ, Whe WeQdeQc\ fRU chaQgeV iQ Whe aQgOe Rf Whe kQee jRiQW, Whe diVWaQce WUaYeOed b\ 
Whe ceQWeU Rf Whe fRRW SUeVVXUe, Whe QXPbeU Rf WiPeV Whe fRRW WRXched Whe gURXQd, Whe diVWaQce Whe fRRW VZXQg 
fRUZaUd, Whe UegXOaUiW\ aQd SeUiRdiciW\ Rf each gaiW, aQd Whe biPRdaOiW\ Rf fRRW SUeVVXUe ZeUe eYaOXaWed aQd 
cRQfiUPed WR be QaWXUaO. FURP WheVe UeVXOWV, Ze cRQcOXde WhaW Whe QeXURPXVcXORVkeOeWaO PRdeO fRU gaiW 
SURSRVed iQ WhiV VWXd\ ZaV aSSURSUiaWe. 

IQ Whe fXWXUe, Ze ZiOO e[WeQd Whe PaWhePaWicaO PRdeO fRU VWaUW ZaOkiQg beWZeeQ VWaQdiQg aQd gaiW, aQd 
SURSRVe a PaWhePaWicaO PRdeO WhaW caQ YeUif\ VWaQdiQg, gaiW, aQd VWaUW ZaOkiQg VeaPOeVVO\. 

 

 

 
 
 
 

 

 

Keywords: GaiW cRQWURO, PXVcXORVkeOeWaO PRdeO, QeUXURV\VWeP cRQWUROOeU, fRUZaUd d\QaPicV ViPXOaWiRQ, 
SCONE 

FLgXUe 3. ReVXOWV Rf cRPSXWaWiRQaO ViPXOaWiRQ Rf gaiW.． 

 

FLgXUe 2. NeXUR\VWeP CRQWUROOeU MRdeO． 

 

FLgXUe 1. MXVcXORVkeOeWaO MRdeO． 
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DeYelRSPeQW Rf Whe WeaUable DeYice fRU MeaVXUiQg FiQgeU JRiQW AQgle 
 

The PeaVXUePeQW Rf fiQgeU PRYePeQWV XViQg ZeaUabOe deYiceV haYe Whe SRWeQWiaO WR be XVed iQ YaUiRXV 
aSSOicaWiRQV VXch aV hXPaQ-PachiQe iQWeUface (HMI) aQd UehabiOiWaWiRQ. HRZeYeU, ZeaUabOe PeaVXUePeQWV 
XViQg RSWicaO fibeUV aQd cRQdXcWiYe iQNV, Zhich aUe cXUUeQWO\ Whe PaiQVWUeaP, haYe Whe feaWXUe WhaW Whe aQgOe 
RXWSXW b\ Whe VeQVRU deSeQdV RQ Whe Vi]e aQd VhaSe Rf Whe fiQgeU. TheUefRUe, eYeU\ WiPe Whe PeaVXUeU chaQgeV, 
WiPe-cRQVXPiQg caOibUaWiRQ iV QeceVVaU\ WR PaWch Whe acWXaO MRiQW aQgOe ZiWh Whe VeQVRU RXWSXW. IQ caVe a 
SeUVRQ ZiWh a haQd diVeaVe caQQRW SeUfRUP VXfficieQW caOibUaWiRQ, Whe VeQViWiYiW\ Rf PeaVXUePeQW caQ be 
deWeUiRUaWed aQd WhiV SUeYeQWV Whe PeaVXUePeQWV ZiWh high SUeciViRQ. TheUefRUe, Ze UeVeaUch aiPiQg WR 
deYeORS a ZeaUabOe deYice WhaW caQ PeaVXUe Whe MRiQWV aQgOe Rf fiQgeUV ZiWhRXW deSeQdiQg RQ Whe diPeQViRQ 
Rf Whe fiQgeU. 

AV a PeWhRd, Whe MRiQW aQgOe caQ be eVWiPaWed b\ RYeUOaSSiQg Whe fRXU WeQdRQV RQ Whe fiQgeU aW UegXOaU 
iQWeUYaOV aQd PeaVXUiQg Whe diVSOacePeQW Rf WheP (Fig. 1). B\ XWiOi]iQg Whe diffeUeQce iQ Whe UadiXV Rf URWaWiRQ 
WheP aW Whe MRiQW SaUW, Whe MRiQW aQgOe caQ be PeaVXUed ZiWhRXW deSeQdiQg RQ Whe diPeQViRQ Rf Whe fiQgeU. B\ 
SiQchiQg Oa\eUed beOWV Pade Rf VRfW SRO\YiQ\O chORUide (PVC) beWZeeQ Whe WeQdRQV, Whe\ beQd fOe[ibO\ eYeQ 
ZheQ Whe fiQgeUV haYe a OaUge cXUYaWXUe, aQd Whe iQWeUYaOV beWZeeQ Whe WeQdRQV aUe NeSW cRQVWaQW. IQ RUdeU WR 
VhRZ Whe YaOidiW\ Rf WhiV PeWhRd, Ze deYeORSed a PRdeO PiPiQg Whe PRWiRQ Rf fOe[iRQ aQd e[WeQViRQ Rf Whe 
fiQgeU b\ Whe VeUiaO OiQN PechaQiVP (Fig. 2). AQ e[SeUiPeQW ZaV cRQdXcWed b\ SOaciQg WeQdRQV aQd beOWV RQ 
Whe PRdeO, aQd iW VhRZed WhaW Whe SURSRVed PeWhRd caQ PeaVXUe Whe MRiQW aQgOe ZiWh VXfficieQW accXUac\. IQ 
Whe Qe[W ZRUN, Ze ZiOO deYeORS a gORYe-W\Se deYice Zhich caQ PeaVXUe Whe fiQgeU MRiQW aQgOe baVed RQ Whe 
SURSRVed PeWhRd aQd NQRZOedge RbWaiQed fURP Whe VWXd\ VR faU.  

 
 

Keywords: daWa gORYe, ZeaUabOe deYice, fiQgeU MRiQW aQgOe 

FigXUe 1. The cRQfigXUaWiRQ Rf WeQdRQV aQd beOWV RQ Whe fiQgeU. FURP Whe WiS Rf Whe fiQgeU, fiQgeU MRiQWV 
aUe caOOed DIP MRiQW (DiVWaO IQWeUShaOaQgeaO MRiQW), PIP MRiQW (PUR[iPaO IQWeUShaOaQgeaO MRiQW), aQd MP 
MRiQW (MeWacaUSRShaOaQgeaO MRiQW). FURP VXUface Rf Whe fiQgeU, Whe fiUVW aQd VecRQd WhUeadV aUe WeQViRQed 
fURP RQ Whe QaiO, Whe WhiUd WeQdRQ iV beWZeeQ fURP Whe DIP MRiQW aQd Whe PIP MRiQW, aQd Whe fRXUWh WeQdRQ 
iV fURP beWZeeQ Whe PIP MRiQW aQd Whe MP MRiQW. ThiV cRQfigXUaWiRQ eQabOeV WR PeaVXUe each MRiQW aQgOe 
aW Whe VaPe WiPe. 
 

FigXUe 2. (LefW figXUe) A PRdeO Rf Whe fiQgeU Rf Whe VeUiaO OiQN PechaQiVP XVed iQ Whe e[SeUiPeQW. A 
SRWeQWiRPeWeU ZaV iQcRUSRUaWed iQ each MRiQW WR PeaVXUe Whe gURXQd WUXWh Rf Whe MRiQW aQgOe. (RighW 
figXUe) The SaVV Rf Whe WeQdRQV. Each WeQdRQ iV cRQQecWed WR a OiQeaU VOideU Yia a UROOeU. The OiQeaU 
VOideU haV a UROe Rf cRQQecWiQg Whe WeQdRQ aQd Whe PagQeWic ZiUe, aQd Whe diVSOacePeQW Rf Whe PagQeWic 
ZiUe iV PeaVXUed b\ a VeQVRU. 
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MeWhRd WR EVWiPaWe Whe MXVcle AcWiYaWiRQ PaWWeUQ fURP MRI aQd EMG 
 

In the stud\ of neuromuscular degenerative disease and in the development of rehabilitation therapies to 
treat them, monitoring the activit\ of muscles is crucial to better understand the nature of the impairment and 
to have a feedback about the changes occurring after applied treatments. As a consequence of pathological 
conditions, it is also not so uncommon to observe changes occurring in the ph\sical structure and in the 
behavior of muscles of impaired individuals. It is, therefore, crucial to have a full vision that simultaneousl\ 
encloses the underl\ing morpholog\ and the muscle activation behavior, in order to have a full understanding 
of the impairment status. At the state of the art, the gold standard method to depict morphological information 
is Magnetic Resonance Imaging (MRI), a diagnostic imaging technique that is used to represent the anatom\ 
and ph\siological processes happening in the bod\. For the acquisition of time-related information about the 
muscle state instead, the most popular technique is electrom\ograph\(EMG) is a medical signal acquisition 
technique that read the potential variation caused b\ contracting muscles. State of the art method using EMG 
allow the estimation muscle activit\ up to motor unit level, but the estimation of deep muscles still remain a 
challenging problem. 

  Our group recentl\ proposed a solution to merge the morpholog\ obtained with MRI and the d\namic 
information from EMG to provide a direct estimation of deep and superficial muscles activities. The method 
exploits the morphological information contained in the MRI scan to build an electrical lumped model of the 
conductive volume that is then solved as an inverse problem using the sEMG collected from with a High 
densit\ EMG electrodes wrapper around the forearm.   

  We believe that this method can be a valid wa\ to overcome the limitations of the state of the art methods, 
allowing the estimation of muscle activation with temporal resolution of EMG, potentiall\ improving  the 
information qualit\ for clinicians in the diagnostic process. In particular, we believe that the proposed method 
can make an important contribution in the field of rehabilitation allowing to track muscle activation pattern 
on impaired subject during rehabilitative c\cles. 

 

Keywords: Neuromuscular control, electrom\ograph\, MRI, HD-sEMG, human machine interface 
 
RefeUeQceV: 
[1] Piovanelli, E., Piovesan, D., Shirafuji, S., & Ota, J. (2019). A Simple Method to Estimate Muscle 

Currents from HD-sEMG and MRI using Electrical Network and Graph Theor\. In 2019 41st Annual 
International Conference of the IEEE Engineering in Medicine and Biolog\ Societ\ (EMBC) (pp. 
2657±2662). 

[2] [2] Piovanelli, E., Piovesan, D., Shirafuji, S., & Ota, J. (2019). Estimating Deep Muscles Activation 
from High Densit\ Surface EMG using Graph Theor\. In 2019 IEEE 16th International Conference on 
Rehabilitation RObotics (ICORR) (pp. 3±8). 

[3] [3] Piovanelli, E., Piovesan, D., Shirafuji, S., Su, B., Yoshimura, N., Ogata, Y., & Ota, J. (2020). 
Towards a simplified estimation of muscle activation pattern from MRI and EMG using electrical 
network and graph theor\. Sensors (Swit]erland), 20(3), 1±20. 

FLJXUe 1. Left : Example of electric circuit construction from the morphological information of the MRI. 
Top: positioning of the electrodes on the arm. 
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LeaUning PaWienW TUanVfeU Skill b\ UVing a RRbRW PaWienW 
 

 In recent \ears, there has been an increasing need to develop training tools for nurses to learn nursing 
movements. In this research project, we aim to develop a robot patient that can be used for education to 
nurses with ph\sical load. B\ using the information obtained from the robot, we aim to create a s\stem that 
can automaticall\ distinguish the appropriate and inappropriate movements in the transfer process for nursing 
students. In Ref. [1], we verified whether there is an\ difference between the wheelchair transfer movements 
performed b\ a nurse acting on a robot patient and those performed on a real human patient. The translational 
acceleration of the robot waist, the rotational velocit\ of the chest, and the joint angles of the shoulders, hips, 
and knees were set as the kinematic information obtained from the robot, and an inertial measurement unit 
(IMU) and an angular sensor were attached to the robot patient to measure these parameters. The results 
showed that the simulated patient and the robotic patient could achieve the same effect in most of the transfer 
processes, indicating that the robotic patient is a suitable substitute for the real human patient. In Ref. [2], we 
developed a robot that have a lower limb consisting of active joints including compliant units. We also 
propose a control method for a robot patient that reproduces the patient's movements for nursing care where 
the nurse assists the patient in changing from a sit to a stand posture. We found that the torque applied to the 
robot and the torque generated b\ the robot are different when the nurse performs the correct motion and the 
wrong motion. The results showed that the robot could be used as a learning s\stem for wheelchair transfer. 

Ke\words: robot patient, nursing education, mechanical design 

References 

[1] Lin,Chings]u, Zhong,Zhihang, Kanai-Pak,Masako, Maeda,Jukai, Kitajima,Yasuko, 

Nakamura,Mitsuhiro, Kuwahara,Noriaki, Ogata,Taiki, & Ota,Jun. (2020). Development and validation 

of robot patient equipped with an inertial measurement unit and angular position sensors to evaluate 

transfer skills of nurses. Int J of Soc Robotics. https://doi.org/10.1007/s12369-020-00673-6. 

[2] Lin,Chings]u, Ogata,Taiki, Zhong,Zhihang, Kanai-Pak,Masako, Maeda,Jukai, Kitajima,Yasuko, 

Nakamura,Mitsuhiro, Kuwahara,Noriaki, & Ota,Jun. (2021). Development of robot patient lower limbs 

to reproduce the sit-to-stand movement with correct and incorrect applications of transfer skills b\ 

nurses. Applied Sciences, 11(6), 2872, 1-24. doi:10.3390/app11062872. 

Fig.1 Details of the robot patient 
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User State Estimation Using Smartphones 
 

Interest in mental health care has been increasing in recent \ears, as stress checks haYe become mandator\. 
Questionnaires haYe been Zidel\ used to understand people's states. HoZeYer, taking questionnaires 
frequentl\ is cumbersome and burdensome. Therefore, Ze aim to estimate the user's state based on the usage 
patterns of smartphones, Zhich Ze use on a dail\ basis. Smartphones are equipped Zith a Yariet\ of sensors, 
Zhich are useful as passiYe sensing tools. It also goes Zithout sa\ing that smartphones are Yer\ Zidespread. 
B\ reali]ing this estimation, it is e[pected to encourage people's self-care and to monitor their dail\ mental 
health. 

An e[ample of the estimation process is shoZn in Fig. 1. Participants in the e[periment ansZer 
questionnaires regularl\, and at the same time, data on their smartphone usage is recorded. The data is labeled 
according to changes in the questionnaire score. From the smartphone logs, dail\ and Zeekl\ feature Yalues 
are calculated. Based on these labels and features, superYised learning is performed to create a model that 
estimates the Yariation in surYe\ scores from smartphone logs. 

So far, Ze haYe succeeded in estimating the score Yariations of questionnaires related to QOL and Zell-
being, such as The PositiYe and NegatiYe Affect Scales, Flourishing Scale, and The SubjectiYe Well-being 
InYentor\ [1]. In particular, for users Zho frequentl\ use smartphones, the model Zas able to estimate Zith 
an accurac\ of oYer 80% Zhether the questionnaire scores increased or decreased compared to one Zeek ago. 
We also constructed an estimation model for LF/HF, Zhich is a heart rate Yariabilit\ inde[ related to stress, 
instead of questionnaires [2]. 

 

Keywords: mental health care, smartphone, machine learning 
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FLJXUe 1. Process for estimating user states from smartphone logs. 
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